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Embryo implantation is an interaction between the implantation-competent 
blastocyst and receptive uterus. Implantation is regulated by many factors, however the 
underlying mechanism about their regulation pattern have not been totally revealed. 
 Claudin-3 belongs to tight junction protein family, and plays an essential role in 
epithelium polarity and  permeability stability. In this study, the expression pattern 
and regulation of Claudin-3 protein in mouse uterus during implantation period were 
investigated by immunohistochemistry, Western Blot and immunofluorescence staining 
from in vivo and in vitro models. The results show that Claudin-3 began to express in 
the luminal epithelium on day 3 and reached a peak on day 4. Claudin-3 protein 
expression decreased at d5 implantation site. On day 8 of pregnancy, Claudin-3 was 
expressed at secondary decidual zone. Claudin-3 expression pattern during 
pseudopregnancy was similar to that during normal pregnancy. Activated blastocyst 
could down-regulate epithelial Claudin-3 expression, the pattern of which was akin to 
that on day 5 of pregnancy. In the uterus stimulated by artificial decidualization, a 
strong expression signal of Claudin-3 was also detected in decidualized cells by 
immunohistochemistry. Progesterone was able to induce the expression of Claudin-3 in 
uterus of ovariectomized mice. Meanwhile, progesterone receptor inhibitor RU486  
could reduce Claudin-3 expression in uterus. HB-EGF attenuated Claudin-3 expression 
and enhanced transcription factor Snail expression in mouse epithelium. In human 
endometrial cells, HB-EGF treatment decreased Claudin-3 and increased Snail 
expression through EGFR. 
 Overall, these results demonstrate that Claudin-3 is highly expressed in the luminal 
epithelium on days 3 and 4 of pregnancy and down-regulated by implanting blastocyst. 
Progesterone enhances Claudin-3 expression in uterine epithelium. HB-EGF reduces 
Claudin-3 expression through Snail during pre-implantation period.  
 





























































    Furuse 等在 1993 年鉴别了第一个紧密连接蛋白 Occludin[5]。Occludin 是一个
分子量为 60 kD 的 4 次跨膜蛋白，其分子外形成两个环状结构，每个环由 45 个氨
基酸构成。其中，第一个环状结构主要由甘氨酸和酪氨酸组成，是细胞间形成紧
密连接的主要部位。但是之后对 Occludin 缺失的胚胎干细胞系和 Occludin 敲除小
鼠的生理生化表型研究显示，这一分子并非是维持上皮细胞紧密连接不可缺少的
分子[6,7]。进一步的研究发现了更多的紧密连接相关蛋白。 
    1998 年 Furuse 等从鸡的肝脏中分离出 Claudin（Cldn）家族蛋白。Claudin 家
族蛋白是小分子跨膜蛋白，分子量大约 20～34 kD，以二聚体的形式存在于细胞
膜上[48]，其分子链上有四个跨膜螺旋，两个短的胞外环，其中第二个胞外环由约
16～22 个氨基酸构成，是相邻 Claudin 分子结合区域。另外 Claudin 家族蛋白在
胞质侧分别有一个短的 N-末端和一个多变的短 C-末端。Claudin 家族蛋白成员随
物种不同而有很大变化，至今哺乳动物中已有 24 个 Claudin 家族蛋白被克隆鉴定。
基于测序分析，Claudin 家族蛋白能够被分类为两类成员，典型的 Claudin 蛋白—











































的 Occludin 信号完全消失。而在这一过程中，Occludin 还持续表达于卵母细胞质
膜上。Claudin-5 表达于卵巢微血管内皮细胞中，随着卵泡发育的进行和毛细血管
网络的建立，表达逐渐增强。在卵泡发育过程中抑制血管内皮生长因子（Vascular 






体信号通路，导致 claudin-3 和 claudin-4 表达从细胞膜上向细胞质中弥撒。与此
































































在这一过程中，Occludin 首先在妊娠第 1 天子宫腔上皮中表达，之后逐渐减弱。




    在大鼠的发情周期中，子宫内膜上皮结构发生周期性的变化。通过卵巢激素
来保持子宫适当的内环境对于受精以及随后的发育过程是非常重要的。研究结果
表明，在发情前期，Claudin-1 和 Claudin-5 在子宫腔上皮细胞的极性端表达，
Claudin-3 和 Claudin-7 在基底侧分布。在发情后期，在紧密连接区域没有这些蛋
白的表达。在发情期和发情间期，紧密连接蛋白的表达为成功的受精提供一个适
当的环境[28]。Claudin-1 在大鼠妊娠第 1、3 和 6 天子宫腔上皮细胞质极性端有较
强的分布，在整个细胞质区域也有弥散性分布[29]。Occludin 在大鼠妊娠第 3 天子
宫中有强表达。Claudin-3 蛋白在大鼠妊娠第 1 天子宫腔上皮细胞基底侧有微弱表
达，在妊娠第 6 天子宫上皮细胞极性端和基底侧均有强表达。Claudin-4 蛋白在大
鼠妊娠第 1 子宫中无法检测到信号，在妊娠第 6 天子宫上皮细胞极性端和基底侧




    基因芯片的结果显示，Claudin-3、-4 和-7 在子宫内膜异位症病人的异位子宫
内膜病理组织样品中呈现低表达的趋势[31]。免疫组织化学和半定量 PCR 研究进一
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